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(57) ABSTRACT 

An endoluminal graft repair device includes a multi-lumen 
catheter With a balloon coupled to a distal end portion of the 
catheter. A portion of the outer surface of the balloon is 
designed and con?gured to de?ne a repair cavity. A repair 
cavity lumen of the catheter is coupled to and in ?uid 
communication With the repair cavity. The catheter and 
balloon are inserted into an artery system, advanced and 
positioned interluminally through percutaneous procedures 
so that the repair cavity is positioned to substantially align 
With the location of an endoluminal leak in an endoluminal 
graft used to treat aortic aneurysmal disease. The balloon is 
in?ated by injecting an in?ation ?uid through an in?ation 
lumen of the catheter into the balloon to ?x the position of 
the repair cavity substantially adjacent the location of the 
endoluminal leak. A repair agent is conveyed to the repair 
cavity through the repair cavity lumen. The repair agent is 
contained by the repair cavity, solidi?es in situ, and forms a 
patch on the endoluminal graft at the location of the endolu 
minal leak. After removal of the catheter, the repair agent 
patch remains on the endoluminal graft to repair the endolu 
minal leak. 
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BALLON-TIPPED, MULTI-LUMEN CATHETER 
FOR ENDOLUMINAL REPAIR OF ENDOLUMINAL 

LEAKS IN AORTIC OR AORTO-ILIAC 
ENDOLUMINAL GRAFTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to a device 
for endoluminal graft repair and more particularly to a 
balloon tipped catheter for the repair of endoluminal leaks in 
aortic or aorto-iliac, intra-aneurysmal endoluminal grafts. 

[0003] 2. Description of Related Art 

[0004] Endovascular aneurysmal exclusion is an evolving 
method for treating arterial aneurysmal disease. Aneurysmal 
disease causes the Weakening and radial distention of a 
segment of an artery. This arterial distention results in the 
development of an aneurysm, i.e., a bulging at the affected 
arterial segment. 

[0005] An aneurysm is at risk of rupture resulting in 
extravasation of blood into, for example, the peritoneal 
cavity or into tissue surrounding the diseased artery. The 
goal of endovascular aneurysmal exclusion is to exclude 
from the interior of the aneurysm, i.e. aneurysmal sac, all 
blood ?oW, thereby reducing the risk of aneurysm rupture 
requiring invasive surgical intervention. 

[0006] One procedure developed to accomplish this goal 
entails internally lining the affected artery With a biocom 
patible graft material. The graft material is con?gured in a 
generally tubular shape spanning across the aneurysm (intra 
aneurysmal). The endoluminal graft is coupled to the artery 
and establishes a substantially ?uid-tight seal above and 
beloW the distended aneurysmal segment at graft/artery 
interfaces. 

[0007] Endoluminal grafts are positioned and deployed 
Within the affected artery through insertion catheters by 
percutaneous procedures Well knoW to those of skill in the 
art. Once deployed, the endoluminal graft provides an 
alternate conduit for blood ?oW and, at the same time, 
excludes the ?oW of blood into the aneurysmal sac. Endolu 
minal grafts provide a generally effective means to exclude 
blood ?oW from aneurysms. 

[0008] HoWever, important sequelae Were reported in 
some cases of endoluminal graft placement. For example, 
incomplete seals at the graft/artery interfaces, graft defects, 
and retrograde blood ?oW from patent collateral arteries 
resulted in paragraft blood ?oW into the aneurysmal sac. See 
for example “Endoluminal leak as a Complication of 
Endoluminal Grafting of Abdominal Aortic Aneurysms: 
Classi?cation, Incidence, Diagnosis, and Management” by 
Geoffrey H. White, et al., Journal of Endovascular Surgery 
1997; 41152-168. The ?oW of blood into the aneurysmal sac 
after endoluminal graft placement, a so-called endoluminal 
leak, reintroduces the risk of sac rupture. 

[0009] As used herein, an endoluminal leak, sometimes 
called an endoleak, means a leak of blood into an aneurys 
mal sac associated With a defective or malfunctioning 
endoluminal graft. Endoluminal leaks are detected by use of 
Well-knoWn, conventional vascular imaging techniques such 
as angiography, computed tomographic (CT), and ultra 
sound scanning. As used herein, a micro-leak is a small 
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endoleak not detectable by conventional vascular imaging 
techniques. Detection of micro-leaks requires specialiZed 
vascular imaging techniques such as radiopaque contrast 
?uid enhanced angiography and contrast enhanced CT scan 
ning or color, duplex ultra-sound scanning. In addition, as 
used herein an endoluminal leak is distinguished from an 
aneurysmal leak, Which generally refers to the ?oW of blood 
associated With a rupture of an aneurysm, from the aneurysm 
sac into the peritoneal cavity or surrounding tissue. 

[0010] In the prior art, various methods and procedures 
Were developed in attempts to stop endoluminal leaks 
through transluminal repair of the endoluminal graft. HoW 
ever, the methods and repair devices of the prior art gener 
ally Were suitable only for gross endoluminal leaks detect 
able by conventional vascular imaging techniques. Prior art 
methods included surgical conversion of the endoluminal 
graft and total circumferential cuf?ng around the endolumi 
nal graft With an annulus of sealant. Prior art methods did not 
address repair methods and devices suitable for the repair of 
micro-leaks detectable by specialiZed vascular imaging 
techniques. 

SUMMARY OF THE INVENTION 

[0011] Embodiments of the present invention provide an 
innovative method and device for performing transluminal 
repair of endoluminal leaks in endoluminal grafts Within a 
body lumen. In one embodiment, an endoluminal repair 
cavity is formed about an endoluminal leak. A repair agent 
is injected into the repair cavity to seal the endoluminal leak. 
Hence, the problems associated With the endoluminal leak 
are eliminated Without the use of invasive surgical proce 
dures and Without the use of repairs that can cause additional 
problems. Consequently, this method can be used on patients 
Who could not survive for example the invasive surgical 
procedures. 
[0012] According to the principles of the present inven 
tion, in one embodiment an endoluminal graft repair device 
includes a multi-lumen catheter, hereinafter catheter. A bal 
loon is coupled to a distal end portion of the catheter. As 
used herein, a catheter distal end portion is the portion of the 
catheter that is most distant, Within the artery system, from 
the point of insertion of the catheter. 

[0013] A repair cavity portion of the outer surface of the 
balloon is designed and con?gured to de?ne a repair cavity. 
A repair cavity lumen of the catheter is coupled to and in 
?uid communication With the repair cavity portion. 

[0014] The inner surface of the balloon de?nes an in?ation 
cavity. Fluid is conveyed through an in?ation lumen into or 
from the in?ation cavity to, respectively, in?ate or de?ate the 
balloon. 

[0015] In use, the catheter, With the balloon in a de?ated 
con?guration, is inserted into and transluminally advanced 
along, for example, an artery system including an aorta. 
UtiliZing percutaneous procedures and Well knoWn vascular 
imaging techniques, the catheter is positioned at an endolu 
minal graft previously coupled to the aorta as an intra 
aneurysmal conduit across an aneurysm on a segment of the 
aorta. Vascular imaging techniques have also previously 
identi?ed the location of an endoluminal leak that alloWs 
blood ?oW through the endoluminal graft and into the 
aneurysmal sac. The axial and rotational positions of the 
repair cavity portion relative to location of the endoluminal 
leak are determined. 
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[0016] The catheter may be repositioned axially and/or 
rotationally to more closely align the balloon repair cavity 
portion With the location of the endoluminal leak; and the 
axial or rotational alignment of the repair cavity With the 
endoluminal leak location re-determined. 

[0017] With the repair cavity portion of the balloon sub 
stantially aligned axially and rotationally With the location 
of the endoluminal leak, and With the balloon in an in?ated 
con?guration, a ?oWable repair agent is conveyed to the 
repair cavity through the repair cavity lumen. The repair 
agent solidi?es in situ and forms a patch on the endoluminal 
graft at the location of the endoluminal leak. Upon veri? 
cation that the endoluminal leak is sealed, the catheter is 
removed from the artery system. The solidi?ed repair agent 
patch remains Within the aorta lumen on the endoluminal 
graft as a means of repair of the endoluminal leak. 

[0018] For clarity of presentation, the present invention is 
described beloW in terms of an endoluminal graft Within the 
aortic artery. In addition, in the folloWing discussion, the 
devise is described With a particular con?guration relative to 
its component parts. Finally, the present invention is 
described in terms of structures and methods particularly 
useful in repair of micro-leaks in endoluminal grafts used in 
endovascular aneurysmal exclusion treatment of arterial 
aneurysmal disease. HoWever, it is expressly understood that 
the inventive features of the present invention may be 
usefully embodied in a number of alternatives that can 
bene?t from the features of the present invention. Accord 
ingly, these alternative embodiments are equivalent to the 
particular embodiments shoWn and described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1A shoWs a partial cutaWay vieW of an artery 
system containing an endoluminal graft and an embodiment 
of an endoluminal graft repair device in accordance With the 
present invention positioned and con?gured for use; 

[0020] FIG. 1B shoWs a partial cutaWay vieW of an artery 
system containing an endoluminal graft and another embodi 
ment of an endoluminal graft repair device in accordance 
With the present invention positioned and con?gured for use; 

[0021] FIGS. 1C to 1F illustrate end vieWs of alternate 
embodiments of an outer balloon surface repair cavity 
portion in accordance With the present invention; 

[0022] FIGS. 2A to 2C are a process ?oW diagram shoW 
ing a method of use of an embodiment of the endoluminal 
graft repair device in accordance With the present invention; 

[0023] FIG. 3 is a partial cutaWay vieW of an artery 
system containing an endoluminal graft and an embodiment 
of the endoluminal graft repair device in accordance With the 
present invention transluminally positioned along the central 
axis of the endoluminal graft beloW an endoluminal leak 
With a catheter balloon in a de?ated con?guration; 

[0024] FIG. 4 is a partial cutaWay vieW of an artery 
system containing an endoluminal graft and an embodiment 
of the endoluminal graft repair device in accordance With the 
present invention positioned along the central axis of the 
endoluminal graft adjacent an endoluminal leak With the 
catheter balloon in a de?ated con?guration; 

[0025] FIGS. 5A and 5B shoW a partial cutaWay vieW of 
an artery system containing an endoluminal graft and other 
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embodiments of an endoluminal graft repair device in accor 
dance With the present invention positioned and con?gured 
for use; 

[0026] FIGS. 6A to 6C are end vieWs of the outer balloon 
surface repair cavity portion in various rotational orienta 
tions as seen by radiographic imagining means according to 
one embodiment of the present invention; 

[0027] FIG. 7A, is a cross sectional vieW taken along line 
7A‘-7A‘ of FIG. 4; 

[0028] FIG. 7B is the cross sectional vieW of FIG. 7A but 
With the catheter balloon in an in?ated con?guration; 

[0029] FIG. 7C is a cross sectional vieW taken along line 
7C‘-7C‘ of FIG. 1A; 

[0030] FIG. 8 is a partial cutaWay vieW of an artery 
system containing an endoluminal graft and a repair agent 
patch sealing an endoluminal leak; 

[0031] FIG. 9 is a partial cutaWay vieW of an artery 
system containing an endoluminal graft and another embodi 
ment of the endoluminal graft repair device in accordance 
With the present invention positioned and con?gured for use; 
and 

[0032] FIG. 10 is a partial cutaWay vieW of an artery 
system containing an endoluminal graft and another embodi 
ment of the endoluminal graft repair device in accordance 
With the present invention positioned and con?gured for use. 

[0033] In the Figures and the folloWing Detailed Descrip 
tion, elements With the same reference numeral are the same 
or similar elements. Also, the ?rst digit of a reference 
numeral indicates the ?gure in Which that element ?rst 
appears. 

DETAILED DESCRIPTION 

[0034] FIG. 1A illustrates an endoluminal graft repair 
device 190 including a multi-lumen catheter 140, sometimes 
called catheter 140, positioned in the vicinity of an endolu 
minal graft 102 Within an artery system 100. A balloon 
142A, Which is coupled to a catheter distal end portion 146 
of catheter 140, is illustrated in an in?ated con?guration. 

[0035] Endoluminal graft 102 contains at least one endolu 
minal leak location 106. At endoluminal leak location 106, 
an endoluminal leak (not shoWn) is blood ?oW at location 
106 from artery system 100 into an aneurysmal sac 110 of 
an aneurysm 112 located on a segment of aorta 104 of artery 
system 100, i.e., is a leak through, and not around, endolu 
minal graft 102. 

[0036] In use of endoluminal graft repair device 190, a 
repair cavity 148A is formed by an outer balloon surface 
repair cavity portion 153A of in?ated balloon 142A, some 
times called repair cavity portion 153A. Hence, repair cavity 
portion 153A is con?gured to de?ne repair cavity 148A 
When balloon 142A is in?ated. Repair cavity 148A is posi 
tioned about endoluminal leak location 106. 

[0037] The particular shape of the repair cavity, and con 
sequently the shape of the outer balloon surface repair cavity 
portion, is not essential to a con?guration according to the 
invention so long as the repair cavity is positioned about 
endoluminal leak location 106 and is suf?cient to form an 
effective patch as described beloW. FIGS. 1C to 1F illustrate 
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end views of alternative embodiments of outer balloon 
surface repair cavity portions 153C, 153D, 153E, 153E. 

[0038] In particular, outer balloon surface repair cavity 
portion 153C (FIG. 1C) has a circular outer perimeter edge 
154C. Outer balloon surface repair cavity portion 153D 
(FIG. 1D) has an oval outer perimeter edge 154D. Outer 
balloon surface repair cavity portion 153E (FIG. 1E) has a 
square outer perimeter edge 154D With rounded corners. 
Outer balloon surface repair cavity portion 153E (FIG. 1F) 
has a rectangular outer perimeter edge 154E With rounded 
corners. Hence, in vieW of this disclosure, those of skill in 
the art can select an appropriate shape for the outer balloon 
surface repair cavity portion. 

[0039] For each shape, a volume of the repair cavity that 
is de?ned by that particular shape of the outer balloon 
surface repair cavity portion is small With respect to the 
volume of the in?ated balloon. Here, small means that the 
operation of the in?ated balloon to seal artery 104, to seal off 
leak location 106, and to provide a stable Work platform for 
repairing leak location 106 is not affected by the introduction 
of the repair cavity portion in the outer surface of the 
balloon. 

[0040] Returning to FIG. 1A, a repair cavity lumen 166 
conveys a ?oWable repair agent 164 to repair cavity 148A. 
Repair agent 164 is contained by repair cavity 148A and 
solidi?es in situ to form a patch at endoluminal leak location 
106. The patch prevents further ?oW of the endoluminal leak 
into aneurysmal sac 110. 

[0041] More particularly, FIG. 1A is a partial cutaWay 
vieW of artery system 100 containing endoluminal graft 102 
and an embodiment of endoluminal graft repair device 190 
positioned and con?gured for use. As explained more com 
pletely beloW, catheter 140 is precisely positioned, both 
axially and rotationally, Within artery system 100 so that 
repair cavity 148A is formed about endoluminal leak loca 
tion 106 by repair cavity portion 153A. 

[0042] In one embodiment of the present invention, cath 
eter 140 also includes a guide Wire 144 in its oWn guide Wire 
lumen (not shoWn), to facilitate the insertion of catheter 140 
in a manner that is conventional to clinical catheter art, 
particularly angiographic and angioplastic art. 

[0043] In one embodiment, a radiopaque element, such as 
marker ring 147, is coupled in ?xed physical relationship to 
catheter 140. Marker ring 147 acts as a radiographic bench 
mark for determining the position of catheter 140 Within 
artery system 100 by radiographic means. The position of 
catheter 140 Within artery system 100, as de?ned by marker 
ring 147, is monitored by Well-knoWn radiographic vascular 
imaging means such as computed tomography 

[0044] As shoWn in FIG. 1A, in one embodiment, repair 
cavity portion 153A of a balloon outer surface 150A extends 
betWeen a repair cavity portion inner perimeter edge 152, 
sometimes called inner perimeter edge 152, and repair cavity 
portion outer perimeter edge 154A of balloon outer surface 
150A. Inner perimeter edge 152 is coupled to repair cavity 
lumen 166, placing repair cavity 148A in ?uid communica 
tion With repair cavity lumen 166. This con?guration of 
repair cavity portion 153A With repair cavity lumen 166 is 
illustrative only and is not intended to limit the invention to 
this particular embodiment. 
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[0045] FIG. 1B illustrated another con?guration of a 
repair cavity portion 153B. To illustrate again that the repair 
cavity portion can have different shapes, the shape for repair 
cavity portion 153B is different from the shape of repair 
cavity portion 153A (FIG. 1A). In addition, repair cavity 
lumen 166 (FIG. 1B) is a ?rst repair cavity lumen that is 
coupled to repair cavity portion 153B. Asecond repair cavity 
lumen 168 is also coupled to repair cavity portion 153B. The 
use of tWo lumens facilitates rinse operations, for example, 
as Well as other operations associated With repair cavity 
148B. The general operation of the embodiments of FIGS. 
1A and 1B are similar, and so only the differences in the 
embodiments are considered beloW. 

[0046] Returning again to FIG. 1A, an in?ation cavity 
156A, de?ned by a balloon inner surface 158A of balloon 
142A, provides a means to in?ate or de?ate balloon 142A. 
An in?ation ?uid 159 is conveyed to in?ation cavity 156A 
through in?ation lumen 162 to in?ate balloon 142A, as 
shoWn. In?ation ?uid 159 is WithdraWn from in?ation cavity 
156A through in?ation lumen 162A to de?ate balloon 142A. 

[0047] When balloon 142A is in an in?ated con?guration 
as shoWn and described, portions of balloon outer surface 
150A, other than repair cavity portion 153A, are generally in 
abutting contact With an aorta inner Wall 116 or, as shoWn, 
With a graft inner Wall 120 of endoluminal graft 102. With 
balloon 142A fully in?ated, blood ?oW through aorta 104 is 
occluded. In addition, repair cavity portion outer perimeter 
edge 154A contacts and creates a substantially ?uid-tight 
seal With graft inner Wall 120. Hence, repair cavity 148A is 
isolated from the blood ?oW and forms a sealed volume 
about endoluminal leak location 106. 

[0048] One aspect according to the invention is that the 
in?ation of balloon 142A does not collapse repair cavity 
portion 153A. Accordingly, in the embodiment of FIG. 1A, 
repair cavity portion 153A is fabricated of biocompatible 
material suf?ciently rigid to preclude collapse of repair 
cavity portion 153A When balloon 142A is fully in?ated at 
the normal balloon operating pressure. 

[0049] Another embodiment is illustrated in FIG. 1B. In 
this embodiment, an expansion limiter 180 is connected 
betWeen catheter 140 and repair cavity portion 153B. 
Expansion limiter 180 is, for example, a ?exible Wire or 
string of a prede?ned length. Expansion limiter 180 is 
fabricated from a biocompatible material, such as nylon. In 
one embodiment of the present invention, expansion limiter 
180 is fabricated from a radiopaque biocompatible material. 

[0050] Expansion limiter 180 is con?gured to limit the 
distention of repair cavity portion 153B of balloon outer 
surface 150B When balloon 142B is in?ated. During in?a 
tion of balloon 142B, all portions of balloon outer surface 
150B distend. HoWever, the distention of repair cavity 
portion 153B of balloon outer surface 150B ceases When 
repair cavity portion 153B has distended to the point Where 
expansion limiter 180 comes under tension. Hence, in the 
embodiments of the present invention, When the balloon is 
fully in?ated, the outer balloon surface repair cavity portion 
de?nes a repair cavity. 

[0051] When catheter 140 is positioned and con?gured as 
described and shoWn in FIG. 1A, a ?oWable repair agent 
164 is conveyed to repair cavity 148A through repair cavity 
lumen 166. Repair agent 164 is contained Within repair 
















